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WHAT IS CLAIMED IS : 

1 . An apparatus for parallel processing of reaction mixtures comprising: 
vessels for containing the reaction mixtures; 

a stirring system ^br agitating the reaction mixtures; and 

a temperature contVbl system that is adapted to maintain a first group of the vessels at 
a different temperature thax^ second group of the vessels. 

2. The apparatus of claim 1 , further comprising a reactor block; 
wherein the vessels corribrise wells formed in the reactor block. 

3. The apparatus of cMim 2, wherein the vessels further comprise removable 
liners, each of the liners having an mterior surface defining a cavity for containing one of the 
reaction mixtures and an exterior surtace dimensioned so that the liners fit within the wells 
formed in the reactor block. \ 

4. The apparatus of claim 3\wheftein the removable liners are glass vials. 

5. The apparatus of claim 3, ^?pqr comprising an insulating material filling gaps 
between the removable liners ancUkewellra|/ / 

6. The apparatus of claim Siwfterein the insulating material is glass wool or 
silicone rubber. / \\ 

7. The apparatus of claim 3, furtheAcomprising a conductive material filling gaps 
between the removable liners and the wells. \ 

8. The apparatus of claim 7, wherein the conductive material is a thermal paste. 

9. The apparatus of claim 2, wherein tha wells comprise holes extending from a 
top surface of the reactor block to a bottom surface ofi the reactor block, the apparatus further 
comprising: \ 

a removable lower plate disposed on the bottom\surface of the reactor block, the 
removable lower plate defining a base of each of the wells; and 

a removable upper plate disposed on the top surface of the reactor block, the 
removable upper plate defining an upper end of each of the wells. 
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10. T^e apparatus of claim 9, wherein the removable upper plate further comprises 
vessel seals in substantial alignment with the wells, the vessel seals allowing processing of 
the reaction mixtures^ pressures different than atmospheric pressure. 

1 1 . The apparatus of claim 2, further comprising a passageway formed in the 
reactor block adapted to provide a flow path for a thermal fluid and adapted to- provide heat 
exchange between the vessels and the thermal fluid. 

12. The apparatus of claim 2, further comprising: 

a passageway formed inVhe reactor block adapted to provide a flow path for a thermal 
fluid and to provide heat exchang^ between the thermal fluid and the vessels. 

13. The apparatus of claiYn 2, further comprising: 

thermoelectric devices and a neat/fffansfer plate, the thermoelectric devices disposed 
between the reactor block and the heatVarMer plate such that the thermoelectric devices 



transfer heat from the vessels to the he&tla 
vessels. 



ai sfer plate or from the heat transfer plate to the 



1 4. The apparatus of claimM 3, vifl erein each of the thermoelectric devices 
transfers heat predominantly to or from a single vessel. 

1 5. The apparatus of claim 1 3, whetein the heat transfer plate further comprises a 
passageway formed in the heat transfer plate adapted to provide a flow path for a thermal 
fluid. 



16. The apparatus of claim 1, further comprising a chamber enclosing the vessels, 
the chamber being substantially gas impermeable. 

1 7. The apparatus of claim 1 , further composing a plurality of modules, each of 
the modules containing a portion of the vessels. 

1 8. The apparatus of claim 1 7, wherein each <\f the modules comprises a block and 
wherein vessels comprise wells formed in the block. 

19. The apparatus of claim 1, further comprising a robotic material handling 
system for loading the vessels with starting materials. 
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20. The apparatus of claim 1, wherein the temperature control system includes a 
temperature monitoring system comprising: 

temperature sensors in thermal contact with the vessels; and 

a temperature monitor that communicates with the temperature sensors and converts 
signals received from the ttonperature sensors to a standard temperature scale. 

21. The apparatusW claim 20, wherein the temperature sensors are 
thermocouples, resistance therr^ometric devices, or thermistors, alone or in combination. 

22. The apparatus of cWi 20, further comprising a processor that communicates 
with the temperature monitor, the processor adapted to perform calculations on data received 
from the temperature monitor. 

23. The apparatus of claim\l, wherein the temperature control system includes a 
remote temperature monitoring system Vomprising an infrared-sensitive camera positioned to 
detect infrared radiation emanating from\eaA of the vessels. 

24. The apparatus of claim 23^h|rein each of the vessels are fitted with a cap 
that transmits infrared radiatic 



= 25. 
3 the vessels. 



The apparatus of clair/ 23, fui 



comprising an isolation chamber enclosing 



26. The apparatus of clfem 1, whereik the temperature control system further 
comprises temperature sensors and heat transfer devices, the temperature sensors and the heat 
transfer devices in thermal contact with the vessel! and the heat transfer devices adapted to 
transfer heat to or from the vessels in response to sijmals received from the temperature 
sensors. 

27. The apparatus of claim 26, wherein theVemperature control system further 
comprises: \ 

a processor that communicates with the temperature sensors and the heat transfer 
devices, the processor and the heat transfer devices adapid to adjust heat flow to or from the 
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dees in response to signals received by the processor from the temperature 



28, Th&apparatus of claim 26, wherein the heat transfer devices are electric 



2 resistance heaters. '\ 

1 29. The apparatus of claim 28, wherein the temperature sensors and the electric 

2 resistance heaters are the sa 

1 30. The apparams/of claiqp 29, wherein the temperature sensors and the electric 

2 resistance heaters are thermistors. 



3 1 . The apparatus of claim 26, wherein the heat transfer devices are thermoelectric 



if devices. 

; % 

f y 32. The^ffiffaiiis of claim 2cL wherein the temperature control system further 

z : : jj ^^^^ \ l 

ft comprises a uniform remperaftire^ervok in thermal contact with the vessels. 

%n 33 The apparatus of claim ^ /^herein the uniform temperature reservoir is 

\ & adapted to contain a thermal fluid. 

34. The apparatus of claim 33,\whereiri the vessels are suspended in the uniform 
temperature reservoir. 

1 35. The apparatus of claim 32, wnerein the temperature control system further 

2 comprises a heat pump in thermal contact witn the uniform temperature reservoir, the heat 

3 pump adapted to maintain the uniform temperature reservoir at a selected temperature. 

1 36. The apparatus of claim 1 , wherein the stirring system comprises: 

2 stirring members at least partially contained in the vessels; and 

3 a drive mechanism coupled to the stirring numbers, the drive mechanism adapted to 

4 rotate the stirring members. 



1 37. The apparatus of claim 36, wherein tli e drive mechanism comprises motors 
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38. The,apparatus of claim 37, further comprising strain gauges for measuring 
torque exerted by the motors on the reaction mixtures, wherein the motors are rigidly attached 
to a motor support, and the strain gauges are mounted between the motor support and the 
motors. 

39. The apparatus of claim 37, further comprising speed sensors integral to the 
motors for monitoring rotational speed of the stirring members. 

40. The apparatus >of claim 39, further comprising a processor in communication 
with the speed sensors, the processor adjusting power supplied to each of the motors in 
response to signals received from the speed sensors to maintain the rotational speed of the 
stirring members at selected valued 



4 1 . The apparatus of claif 
torque exerted by the drive mechanisr 
having a first end and a-secQnd end, 
to the vessel support, and the seccl 
vessels such that each of the vessels 



36. 



^ttt 
rst 

\of e; 



rther comprising strain gauges for measuring 
reaction mixtures, each of the strain gauges 
d of each of the strain gauges rigidly attached 
h of the strain gauges rigidly attached to the 
he| to one of the strain gauges. 



41, 



42. The apparatus of clai 
first permanent magnets attached to tfJ 



Iter comprising: 
second end of each of the strain gauges; and 



second permanent magnets attached to fee vessels so that magnetic coupling between 
the first permanent magnets and the second pern^inent magnets prevents the vessels from 
rotating. 

43. The apparatus of claim 36, wherein t^e drive mechanism comprises: 
a motor; and 

a drive train coupling the motor to the stirring ifeembers. 

44. The apparatus of claim 43, wherein the drive train comprises: 

gears attached to the motor and to portions of the stirring members located external to 
the vessels, each of the gears dimensioned and arranged toVmesh with at least one adjacent 
gear so that rotational energy is transmitted along the drive^rain from the motor to the stirring 
members. 
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l 45. ^apparatus of claim 36, wherein each of the stirring members comprises: 



a spindle, each spindle having a first end and a second end; and 
a stirring blade attached to the first end of the spindle. 



e is 



1 46. The appaWus of claim 45, wherein the second end of the spindl 

2 mechanically coupled to the drive mechanism. 

1 47. The apparatusW claim 45, wherein the second end of the spindle is 

2 magnetically coupled to the dr}ye mechanism. 

1 48. The apparatus of c\aim 45, further comprising a strain gauge located within the 
spindle. x 

■ : jj 49. The apparatus of clainW, further comprising an optical speed sensor mounted 

L| adjacent to the spindle for monitoring Mational speed of the spindle. 

'% J | A \ 

Ifj 50. The apparatus ottlauJ^Uerein the stirring members are magnetic stirring 

j2 bars, and the drive mechanism comp^JA array of electromagnets that produce rotating 

A magnetic fields in the vessels. 



m 51. 

S3 



The apparatus of /aim 50, wheYein the array of electromagnets is arranged so 
that each of the vessels is located between four kctromagnets, the four electromagnets 

3 defining four corners of a quadrilateral sub-array\ 

1 52. The apparatus of claim 50, whereinVe array of electromagnets comprises: 

2 a first group of electromagnets, and a secondWoup of electromagnets, the first group 

3 of electromagnets electrically connected in series so t\t pairs of successive electromagnets 

4 define two opposite corners of each quadrilateral sub-aAray, and the second group of 

5 electromagnets electrically connected in series such that\airs of successive electromagnets 

6 define two opposite corners of each quadrilateral sub-arraj 

1 53. The apparatus of claim 52, further comprising drive circuit and a processor 

2 the drive circuit controlled by the processor and adapted to independently and temporally 

3 vary electrical current in the first group of electromagnets and k the second group of 

4 electromagnets. \ 
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54. The apparatus of claim 53, wherein the drive circuit further comprises a power 
source that is adapted to provide sinusoidal electrical currents. 

55. The apparatusNof claim 53, wherein the drive circuit further comprises a power 
source that is adapted to proviatepulsed electrical currents. 

56. The apparatus of chim 50, wherein the array of electromagnets is mounted on 
a printed circuit board. 

57. The apparatus of claim y 6, wherein the stirring system further comprises a 
system for measuring phase lag betweeA the stirring members and the drive mechanism. 

58. The apparatus of claim 57, wherein the system for measuring phase lag 
comprises inductive sensing coils located aMjacent to the vessels and displaced laterally from 
the axes of rotation of the stirring members, and a phase-sensitive detector adapted to monitor 
phase differences among signals generated bwheifiatictive sensing coils and a reference 

signal having the same phase behavior as the qr^ve mecr^nism. 

i\ 

a system for evaluating reaction 



59. The apparatus of claim 1, further including 
mixtures comprising at least one mechanic^Joscniator in 
the at least one mechanical oscillator adaptfen to receive a 

and to transmit a response signal that depjfylds on on^oiyfiore material properties of the 
reaction mixtures. 



contact with the reaction mixtures, 
variable frequency excitation signal 



60. The apparatus of claim 59, further compiling a plurality of mechanical 
oscillators, each of the mechanical oscillators located in tke vessels. 

61. The apparatus of claim 59, wherein the at leapt one mechanical oscillator is a 
tuning fork resonator or bimorph/unimorph resonator. 

62. The apparatus of claim 59, further comprising aVhree-axis translation system 
for placing the at least one mechanical oscillator in the vessels. 

63. The apparatus of claim 59, further comprising: 
a probe adapted to withdraw and dispense the reaction mixtures; and 
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a three-axis translation system coupled to the probe for manipulating the probe 
position; \ 

wherein the at leak one mechanical oscillator is located in a separate vessel and the 
three-axis translation systefh is adapted to withdraw a portion of one of the reaction mixtures 
from one of the vessels and t\ dispense the portion of one of the reaction mixtures in the 
separate vessel. 

64. The apparatus of claim 1 , further comprising a pressure control system. 

65. The apparatus of claini 64, wherein each of the vessels has a gas inlet for 
introducing a vapor-phase componentW the reaction mixtures into the vessels. 

66. The apparatus of claim 65\ further comprising a flow sensor located between 
the gas inlet and a source of the vapor-pha\e (jd mponent of the reaction mixture. 

67. The apparatus of claim 64, wnejein the\vessels have a removable seal for 
loading the vessels with condensed-phase corftoonents bf the reaction mixtures. 



68. The apparatus of claim 64^ 
contact with the vessels, the temperature sehsfdfes Wovidtng 
corrections based on temperature changes pi the raacti 



composing temperature sensors in thermal 
data for determining pressure 
mixtures. 



69. An apparatus for monitoring rates oflproduction or consumption of a gas- 
phase component of a reaction mixture comprising: 

a vessel for containing the reaction mixture, thV vessel having a gas inlet for 
introducing a gas-phase component of the reaction mixVure into the vessel and a removable 
seal for loading the vessel with one or more condensed-\hase components of the reaction 
mixture; 

a temperature control system for regulating the temperature of the reaction mixture; 

and 

a pressure control system comprising: 
a pressure sensor in fluid communication with the vessel; 
a conduit providing fluid communication between a sobrce of the gas-phase 
component and the gas inlet of the vessel; 
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a v\lve located along the conduit between the source of the gas-phase component and 
the gas inlet\of the vessel; 

a valvV controller communicating with the valve, the valve controller regulating the 
amount of the gas-phase component entering the vessel by selectively opening or closing the 
valve; and 

a processor\ommunicating with the valve controller and the pressure sensor, the 
processor directing trie valve controller to selectively open or close the valve in response to a 
signal received from the. pressure sensor. 

70. The apparatus of claim 69, further comprising a temperature sensor in thermal 
contact with the vessel, the temperature sensor communicating with the processor and 
providing the processor with oata for determining pressure corrections based on temperature 
changes of the reaction mixture: 

7 1 . The apparatus of clWi 69, further comprising a flow sensor located along the 
conduit between the valve and the g\s iMeKof the vessel, the flow sensor communicating with 
the processor and providing the processor with data for determining an amount of the gas- 
phase component entering'the-vessel. 

72 An apparatus for motoring ijates of consumption of a gas-phase reactant of a 
reaction mixture comprising: 

a vessel for containing thef reaction rAixture, the vessel having a gas inlet for 
introducing the gas-phase reactant into the vessels and a removable seal for loading the vessel 
with one or more condensed-phase components of the reaction mixture; 

a temperature control system for regulatimg the temperature of the reaction mixture; 

and 

a pressure control system comprising: 
a pressure sensor in fluid communication with the vessel; 

a conduit providing fluid communication between a source of the gas-phase reactant 
and the gas inlet of each of the vessels; 

a flow sensor located along the conduit between\the source of the gas-phase 
rnmnnnpnt and the eas inlet of the vessel: and 
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Drocessor communicating with the flow sensor, the flow sensor providing the 
processo^wjth data for determining an amount of the gas-phase reactant entering the vessel 
during proves 

73. \A method of making and characterizing materials comprising the steps of: 
providing vessels with starting materials to form reaction mixtures; 
allowing ffle reaction mixtures in the vessels to react; 
stirring the reaction mixtures during at least a portion of the reaction; and 
evaluating th^reaction mixtures by measuring at least one characteristic of the 

reaction mixtures durirife at least a portion of the reaction; 

wherein the reaction is carried out at about the same time for each of the reaction 
mixtures. 

74. The method of <faim/(3, wherein the vessels are provided with starting 
materials using a robotic mate 



75. The met 



ofcl 



im 73, further comprising blanketing the vessels in an inert 



gas atmosphere while providiri£yess(:ls with starting materials. 



76. The method of clain\' 
monitoring temperatures of each of 



3, wherein the reaction mixtures are evaluated by 
reaction mixtures. 



77. The method of claim 7bV wherein monitoring temperatures comprises detecting 
infrared emissions from the reaction mixtures. 

78. The method of claim 73, wherein the reaction mixtures are evaluated by 
monitoring heat transfer rates into or out oMie vessels. 

79. The method of claim 78, wherW monitoring heat transfer rates comprises: 
measuring temperature differences between each of the reaction mixtures and a 

thermal reservoir surrounding the vessels; and 

determining heat transfer rates from a calibration relating the temperature differences 

to heat transfer rates. 
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80. The method of claim 78, further comprising computing conversion of the 
starting materials b^sed on the heat transfer rates of the monitoring step. 

8 1 . The method of claim 80, further comprising determining rates of reaction 
based on conversion of\he starting materials. 

82. The method of claim 73, wherein stirring comprises: 
supplying the reaction mixtures with stirring members; and 
rotating each of the storing members. 

83. The method of clVim 8E, wherein the stirring members rotate at the same rate. 

84. The method of claim 8:5, wherein the reaction mixtures are evaluated by 



2%j monitoring the torque needSc 



the stirring members. 



I« 85. The method of Maim S\ wherein the torque is monitored by measuring phase 



III lag between the torque and the; stirring members. 



L 86. The method of claim 84, wherein the reaction mixtures are evaluated by 

2;* determining viscosity of each of the reactio\i mixtures from a calibration relating the torque 

T • i 
3 «F 

3g and viscosity. 

i J 87. The method of claim 86, wherein the reaction mixtures are evaluated by: 

2 measuring heat transfer rates into or outvof the vessels; 

3 computing conversion of the starting marprials based on heat transfer rates into or out 

4 of the vessels; and 

5 calculating molecular weight of a component of the reaction mixtures based on 

6 conversion of the starting materials and on viscosity of each of the reaction mixtures. 

1 88. The method of claim 82, wherein the evaluating step further comprises the 

2 step of monitoring the power needed to rotate each of fijie stirring members in the rotating 

3 step. 
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89. The method of claim 88, wherein the reaction mixtures are evaluated by 
determining viscosity of each of the reaction mixtures from a calibration relating power and 



viscosity. 



\ 



90. The method of claim 89, wherein the reaction mixtures are evaluated by: 
measuring heat transfer rates into or out of the vessels; 

computing conversion of the starting materials based on heat transfer into or out of the 
vessels; and 

calculating moleculak weight of a component of the reaction mixtures based on 
conversion of the starting materials and on viscosity of each of the reaction mixtures. 

9 1 . The method of cl^im 82, wherein the reaction mixtures are evaluated by 
monitoring stall frequencies of thAstirring members in the rotating step. 

92. The method of claim 91, w herein the reaction mixtures are evaluated by 
determining viscosity of each of the reason mixtures from a calibration relating stall 
frequencies and viscosity.^ 

93. The method of claim^SLA^heriin the reaction mixtures are evaluated by: 
measuring rates of heat transf^ii^or out of the vessels; 

computing conversion of the martin Jttnaterials based on rates of heat transfer into or 
out of the vessels; and 

calculating molecular weight of a component of the reaction mixtures based on 
conversion of the starting materials and on viscd^ity of each of the reaction mixtures. 

94. The method of claim 73, wherein the reaction mixtures are evaluated by: 
stimulating mechanical oscillators in contac\ with the reaction mixtures with a 

variable frequency excitation signal; 

monitoring response signals from the mechaniVal oscillators; 

determining a property of each of the reaction mixtures from a calibration relating 
response signals and the property. 

95. The method of claim 94, wherein the property is molecular weight, specific 
gravity, elasticity, dielectric constant or conductivity. 
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96. The method of claim 73, wherein the reaction mixtures are evaluated by: 

2 supplyingVa separate vessel with a mechanical oscillator; 

3 placing a portion of a particular reaction mixture in the separate vessel; 
stimulating tke oscillator with a variable frequency excitation signal; 
monitoring a response signal from the mechanical oscillator; and 
determining a property of the particular reaction mixture from a calibration relating 



7 response signals and the Woperty. 

1 97. The methodW claim 73, wherein there is a net loss of moles of gas-phase 

2 components of each of the reaction mixtures due to reaction, and the reaction mixtures are 

3 evaluated by: 

4f filling the vessels with a^as-phase reactant until gas pressure in each of the vessels 

'54 exceeds an upper-pressure limit, 
jf; allowing gas pressure in eacV of the vessels to decay below a lower-pressure limit, P L ; 

?3 monitoring the gas pressure iA each of the vessels to generate a record of pressure 

ffj versus time for each of the vessels; 

9 repeating fillingTaltowirig, and |iforuUring at least once; and 

m determining rates of consumption of tHe gas-phase reactant in each of the reaction 

mixtures from the record of pressure yersusWnk for each of the vessels. 

13 98 . The method of claim 97, whereinthe rates of consumption are determined by: 

2 converting the record of pressure versua time for each of the vessels to partial pressure 

3 of the gas-phase reactant versus time for each onthe vessels; and 

4 calculating rates of consumption of the gaV-phase reactant in each of the reaction 

5 mixtures from time rates of change of the partial pressure of the gas-phase reactant versus 

6 time during the gas pressure decays. 



99. The method of claim 97, wherein the rates of consumption are determined 



2 from frequencies of the filling steps over particular timd intervals. 

1 100. The method of claim 97, wherein the ratesW consumption are determined by: 

* o.o+;~. n +; nn r, flnw rat** nfthp 0ac-nha<5f» rpflrtant pnterina a eiven vessel 
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multiplying the volumetric flow rate of the gas-phase reactant entering the given 
vessel during the particular filling operation by an amount of time elapsed during the 
particular filling operation to obtain an estimate of an amount of the gas-phase reactant 
entering the given ves\el during the particular filling operation; 

dividing the estimate of the amount of the gas-phase reactant entering the given vessel 
during the particular filling step by an amount of time elapsed during a subsequent gas 
pressure decay to obtain ap average rate of consumption of the gas-phase reactant in the given 
vessel for the particular filling operation and the subsequent gas pressure decay. 

101 . The method of claim 97, wherein the rates of consumption are determined by: 
measuring an amount of fl^e gas-phase reactant entering a given vessel during a 
particular filling operation; 

dividing the amount of the gste-phase reactant entering the given vessel during the 
particular filling operation by an amoimt of time elapsed during a subsequent gas pressure 
decay to obtain an average rate of consumption of the gas-phase reactant in the given vessel 
for the particular filling operation and thApsequpnt gas pressure decay. 



am 



Ires < 



thpre is a net gain of moles of gas-phase 
reaction, and the reaction mixtures are 



1 02. The method of claim 
components of each of the reaction mixt 
evaluated by: 

allowing gas pressure in each of the vessels to rise above an upper-pressure limit, P H \ 
venting the vessels until gas pressure in eaqj of the vessels falls below a lower- 
pressure limit, P L ; 

monitoring the gas pressure in each of the vessels during the gas pressure rise and 
venting to generate a record of pressure versus time foneach of the vessels; 
repeating allowing, venting, and monitoring at least once; and 
determining rates of production of a gas-phase product in each of the reaction 
mixtures from the record of pressure versus time for each of the vessels. 



1 
2 



1 03. The method of claim 1 02, wherein the rates ofl 
converting the record of pressure versus time for each 



traduction are determined by: 
►f the vessels to partial pressure 
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4 calculating rates of production of the gas-phase product in each of the reaction 

5 mixtures from tiihe rates of change of the partial pressure of the gas-phase product versus 

6 time during the gas pressure rises. 

1 1 04. The method of claim 1 02, wherein the rates of production are determined from 

2 frequencies of venting o\er particular time intervals. 

1 105. The methocNof claim 102, wherein the rates of production are determined by: 

2 estimating a volumetric flow rate of the gas-phase product leaving a given vessel 

3 during a particular venting opeWion; 

4 multiplying the volumetnc flow rate of the gas-phase product leaving the given vessel 

5 * during the particular venting operation by an amount of time elapsed during the particular 
% venting operation to obtain an estimate of an amount of the gas-phase product leaving the 

given vessel during the particular venting operation; 
g] dividing the estimate of the amoW/6Fthe gas-phase product leaving the given vessel 

j$ during the particular venting operation byVn jtabunt of time elapsed during a subsequent gas 

lSl pressure rise to obtain an average rate of/production of the gas-phase product in the given 

1§L vessel for the particular ventingoperation ati^the subsequent gas pressure rise. 

U 1 06. The method of claim 1 olbWerem thd rates of production are determined by: 

|i measuring an amount of the ga^hase^otiuct leaving a given vessel during a 

3? particular venting operation; | >A 1 

4 dividing the amount of the gas/phase produc&leaving the given vessel during the 

5 particular venting operation by an amount of time elajjraed during a subsequent gas pressure 

6 rise to obtain an average rate of production of the gas-phase product in the given vessel for 

7 the particular venting operation and the subsequent gas pressure rise. 

1 107. The method of claim 73, further comprising controlling temperatures of each 

2 of the reaction mixtures. A 

1 1 08. The method of claim 1 07, wherein temperatures of each of the reaction 

2 mixtures are controlled independently. \ 

1 1 09. An apparatus for parallel processing of reaction mixtures comprising: 

2 vessels for containing the reaction mixtures; \ 

96 \ 




Express Mail Label: EL493560235US 
Attorney Docket No.: 98-14CIP3 



3 
4 
5 
6 
7 

1 
2 
3 
4 
5 

m 



I 

Ml 

2 
3 
4 
5 
6 
7 
8 
9 

10 

11 



a stirring system for agitating the reaction mixtures; 

a temperature control system for regulating the temperature of the reaction mixtures; 
and \ 

an injection system for introducing a fluid into the vessels at a pressure different than 
ambient pressure. 



1 1 0. The apparatus of claim 1 09, wherein the injection system comprises: 
fill ports adapted to receive a fluid delivery probe; 

first conduits and valves, the first conduits providing fluid communication between 
the fill ports and the valves; and\ 

second conduits and injectors, the second conduits providing fluid communication 
between the valves and the injector^: 

wherein the injectors are located pfhe vessels. 

111. The apparatus of claim ftl 0, furthensomprising a robotic fluid handling 
system, wherein the robotic fluid handling system is Adapted to manipulate the fluid delivery 
probe. / 



f 

112. The apparatus of claiijti 1 1 1 ^forther cor iprising a computer to control both the 
robotic fluid handling system and the valves. 

113. The apparatus of claim 1 10, wherein me fill port comprises: 
an elongated body having a longitudinal kxis and a bore centered on the longitudinal 

axis, the bore extending the length of the elongated body and characterized by first, second, 
and third diameters, wherein the first diameter is greater than the second diameter, and the 
second diameter is greater than the third diameter; 

an elastomeric o-ring seated within the bore df the elongated body on a first ledge 
defined by the second diameter and the third diameten and 

a cylindrical sleeve having a hole centered on iflp axis of rotation, the hole extending 
the length of the cylindrical sleeve; 

wherein the cylindrical sleeve is seated within th& bore of the elongated body on a 
second ledge defined by the first diameter and the secondldiameter and the cylindrical sleeve 
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1 1 14\lhe apparatus of claim 113, wherein the cylindrical sleeve is made of a 

2 chemically resistant plastic material. 
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115. The apparatus of claim 1 14, wherein the chemically resistant plastic material is a 
perfluoro-elastomer or polyethylethylketone or polytetrafluoroethylene. 



1 116. The appVatus of claim 1 1 0, wherein the fill port comprises: 

2 an elongated book having a longitudinal axis and a bore centered on the longitudinal 

3 axis, the bore extending the, length of the elongated body and characterized by a first diameter 

4 and a second diameter, wherein the first diameter is greater than the second diameter; and 

5 a cylindrical insert having a tapered hole centered on its axis of rotation, the tapered 
63 hole extending the length of the\cylindrical insert; 

H wherein the cylindrical inWt is seated within the bore of the elongated body on a 

U ledge defined by the first diameteiWd the second diameter. 



Ifi in. The apparatus of claim 1 1 6, wherein the cylindrical insert is made of a 
chemically resistant plastic material. 

U 118. The apparatus of claim 11 7, wherfein the chemically resistant plastic material is 

|J a perfluoro-elastomer or polyetrry4emylkettfne oi polytetrafluoroethylene. 

f-^i \ /A / 

13 1 1 9. The apparatus of claimN^Afurtlfier comprising a reactor block; 

2 wherein the vessels comprise A termed in the reactor block. 



120. The apparatus of claim 1 19,^ther comprising an injector manifold associated 

2 with the reactor block; 

3 wherein the fill ports and valves are in ^uid communication with the injector 

4 manifold. 



121. The apparatus of claim 120, wheriin the injector manifold is attached to the 

2 reactor block, and the first conduits and the seconjfi conduits are passageways formed in the 

3 injector manifold. 
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122. \ The apparatus of claim 120, wherein the wells comprise holes extending from 
a top surface o\the reactor block to a bottom surface of the reactor block, the apparatus 
further comprising: 

a lower platkdisposed on the bottom surface of the reactor block, the lower plate 
defining a base of eacV of the wells; 

an injector adapter plate disposed on the top surface of the reactor block, the injector 
adapter plate having holesSsubstantially aligned with the wells and having channels extending 
from a front edge of the injector adapter plate to a bottom surface of the injector adapter plate, 
wherein the injectors are attached to the bottom surface of the injector adapter plate and are in 
fluid communication with the channels, and the injector manifold is attached to the front edge 
of the injector adapter plate so th\t the second conduits are in fluid communication with the 
channels of the injector adapter pMe; and 

an upper plate disposed on tw injeptor adapter plate, the upper plate defining an upper 
end of each of the well 

1 23 . The apparatus of cMhKj^2, Wherein the injectors extend into the reaction 
mixtures. 

124. An apparatus for pre rail el profies^ing of reaction mixtures comprising: 



vessels for containing the! 



paction mixtures, the vessels sealed to minimize 
unintentional gas flow into or out of the vessels 

a temperature control system for regulating the temperature of the reaction mixtures; 

and 

a stirring system for agitating the reaction Mixtures, the stirring system comprising: 
spindles contained in the vessels, each of th^ spindles having a first end and a second 

end; 

a stirring blade attached to the first end of each of the spindles; 
a drive mechanism located external to the vessels that is adapted to rotate the spindles; 

and 

magnetic feed through devices for magnetically Coupling the drive mechanism to the 
second end of each of the spindles. 
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125/ The apparatus of claim 1 24, wherein each of the magnetic feed through 
devices comprises: 

a rigid cylindrical pressure barrier having an interior surface that together with one of 
the vessels defines a^closed chamber; 

a magnetic dri\er rotatably mounted concentrically with the pressure barrier and 

external to the closed cliamber; and 

a magnetic follower rotatably mounted within the closed chamber; 

wherein the drive mechanism is mechanically coupled to the magnetic driver and the 
magnetic follower follows theWagnetic driver, and the second end of one of the spindles is 
attached to the magnetic follow^ so that the spindles rotate as driven by the drive 
mechanism. 

126. The apparatus of claiW 125, wherein the drive mechanism further comprises: 
a motor; and 

a drive train coupling the motor\o the magnetic driver of the magnetic feed through 



devices. 

127. The apparatus of claim 125, wh 
gears attached to the motor and to the 
devices, each of the gears~3ifiieasioned and 
gear so that rotational energy is transmi 
spindles through the magnetic feed throug! 



rein the drive train comprises: 
agnetic driver of the magnetic feed through 
ged so as to mesh with at least one adjacent 
nV the drive train from the motor to the 



128. An apparatus for parallel ptocessingtof reaction mixtures comprising: 
vessels for containing the reaction mixtures; 
a temperature control system for regulating thk temperature of the reaction mixtures; 



and 



a stirring system for agitating the reaction mixtuks, the stirring system comprising 
multi-piece spindles partially contained in the vessels, anti a drive mechanism coupled to the 
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1^). The apparatus of claim 128, wherein the removable stirrer is made of a 
chemically Resistant plastic material. 

130. ^he apparatus of claim 129, wherein the chemically resistant plastic material is 
a perfluoro-elastfomer or polyethylethylketone or polytetrafluoroethylene or glass. 

131. TheVpparatus of claim 129, further comprising a coupler for reversibly 
attaching the removable stirrer to the upper spindle portion, the coupler comprising: 

a cylindrical bo\iy having first and second holes centered along an axis of rotation of 
the coupler, the first hol^dimengfoned to receive an end of the upper spindle portion, and the 
second hole of the couplerMimensioned to receive an end of the removable stirrer. 



132. The apparatus 



>f clairml31, further comprising a locking mechanism for 
preventing relative rotatioh olf me coupler and the removable stirrer, the locking mechanism 
including: 

a pin embedded in tme^d^of the Removable stirrer; 

a spring mounted be ween tm coupler and a shoulder formed on the removable stirrer 
periphery; and 

an axial groove exte; Lding frornW «Wrance of the second hole to a lateral slot cut 
through a wall of the coupler, the lateraiyotWtending partway around the coupler 
circumference to an axial slot cut throughVhe Vail of the coupler; 

wherein the axial groove, the lateraKslot, and the axial slot are sized to accommodate 
the pin when the end of the removable stirrer is inserted into the second hole and rotated, *nd 
the pin is held in the axial slot by a force exerted by the spring. 



1 - 133. The apparatus of claim 128, wherein the removable stirrer is snapped into the 

2 upper spindle portion. 



1 34. A method of making and charactering materials comprising: 
providing vessels with starting materials twrorm reaction mixtures; 
injecting a fluid into at least one of the vesS 
stirring the reaction mixtures; and 

evaluating the reaction mixtures by measurinfflVl least one characteristic of the 
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135. Jhe method of claim 1 34, wherein the fluid comprises a catalyst. 

136. The method of claim 134, wherein the fluid comprises a catalyst poison. 

\ 

137. The method of claim 134, wherein the fluid comprises a comonomer. 

\ . 

138. A metho\for monitoring parallel, combinatorial chemical reactions, the 
method comprising: 

(a) communicating aV)lurality of measured values to a microprocessor, the plurality of 
measured values being associated, respectively, with the contents of a plurality of reactors 
during simultaneous reaction ontwo or more reactants in the plurality of reactors, the 
reactants or reaction environments varying between the plurality of reactors, 

(b) displaying the measured values, and 

(c) repeating steps (a) and (b\ at least once during the reactions. 

139. The method of claim 1 a8 wherein the plurality of measured values are 
associated, respectively, with the reaction environments for the plurality of reactors. 

140. The method of claim 138, \$ierei^ step (c) is performed at a predetermined 
sampling rate. 

141. The method of claim 1 3 8, rather comprising: 
changing a reaction parameter assdciat^pd with one of the plurality of reactor vessels in 

response to the measured value to mainjfaan the\refectbr vessel at a predetermined set point. 

142. The method of claim 141, wherei^ the reaction parameter comprises a reactor 
vessel temperature. 

143. The method of claim 141, wherein tf^e reaction parameter comprises a reactor 
vessel pressure. 

144. The method of claim 141 , wherein the Reaction parameter comprises a reactor 
vessel motor speed. 



145. The method of claim 138, further comprising: 
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measured value associated with the contents of the reactor vessel. 

146. The method of claim 138 further comprising: 

calculating an experimental value for one or more of the plurality of reactors based on 
one or more measurecWalues for that one or more reactors. 

147. The method of claim 146, wherein the experimental value comprises 
temperature change. \ 

148. The method of cdaim 146, wherein the experimental value comprises pressure 
change. \ 

149. The method of claiA 146, wherein the experimental value comprises percent 
conversion of starting material. \ 

1 50. The method of claim 146v wherein the experimental value comprises viscosity. 

151. The method of claim 1 46, ArtheiLComprising displaying the experimental 
value. Xf \ 

152. A method for controlling paifiul^, combinatorial chemical reactions, the 

method comprising / \ N^J 

communicating a plurality of experimental values to a microprocessor, the plurality of 
experimental values being associated, re/pectiveM with a property of reaction environments 
for a plurality of reactors during simultaneous reaction of two or more reactants in the 
plurality of reactors, the reactants or reaction envirotoients varying between the plurality of 

reactors, \ 

comparing the plurality of experimental valuesXrespectively, to a plurality of setpoints 

for the property, and ' \ 

changing the reaction environment in one or moA of the reactors in response to a 
difference between the experimental value and the setpoint associated with that one or more 
reactors. \ 

153. The method of claim 1 52, wherein changing file reaction environment in one 
or more of the plurality of vessels comprises terminating a reaction occurring in one or more 
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vessels^he set point comprises a conversion target, and the change in one or more of the set 
of experimental values comprises a change in percent conversion of starting material. 

154. ^^The method of claim 152 wherein displaying the set of experimental values 
comprises displaying a graphical representation of the set of experimental values. 

1 55. The me\hod of claim 1 54 wherein the graphical representation comprises a 
histogram. 

156. A computer program on a computer-readable medium for monitoring parallel, 
combinatorial chemical reactions, the computer program comprising instructions to: 

(a) receive a plurality ofWasured values, the plurality of measured values being 
associated, respectively, with the Wtents of a plurality of reactors during simultaneous 
reactions of two or more reactants, the reactants or reaction environments varying between 
the plurality of reactors, 

(b) display the measured values\and 

(c) repeating steps (a) and (b) at l^ast once during the reactions. 



1 57. The computer program of pi 
change a reaction param eter asso ciate 



response to the measuredTvalue. 



^m)fl56, further comprising instructions to: 
ith one of the plurality of reactor vessels in 



158. A reactor control system for momtAnVig and controlling parallel, combinatorial 
chemical reactions, the reactor control system comMsing: 

a system control module for providing contrM signals to an integrated parallel reactor 
system, the control signals being based on a set of reaction parameters, the integrated parallel 
control system comprising a plurality of reactors and aVionitoring and control system 
selected from the group consisting of a mixing monitorikg and control system, a temperature 
monitoring and control system and a pressure monitoringWd control system, 

a data analysis module for receiving a plurality of Measured values from the integrated 
parallel reactor system, directly or indirectly via the system Control module, and for 
calculating a plurality of calculated values from the respecthte measured values, and 

a user interface module for receiving the set of reaction parameters, and for displaying 
the plurality of measured values and the plurality of calculatedWalues. 
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1 An apparatus for parallel processing of reaction mixtures comprising: 

vessels for containing the reaction mixtures; 

a stirring system for agitating the reaction mixtures; and 

a pressur\control system that is adapted to maintain a first group of the vessels at a 
different pressure than a second group of the vessels during processing. 

1 60. An apparatus for parallel processing of reaction mixtures comprising: 
vessels for containing the reaction mixtures; 

a pressure control system that is adapted to maintain the vessels at a pressure greater 
than about 10 psig; and 



a temperature control sWen 



/mat is adapted to maintain a first group of the vessels at 



a different temperature than a sedor|d group of the vessels 

J 

161. An apparatus for parallel processing of reaction mixtures comprising: 
vessels for conlalmn^^e^ac\iontaiixtures; and 

an injection system for intto^Jc\ng\a fluid into the vessels at a pressure that is greater 
than about 10 psig. 



162. A method of m 
providing vessels with sfc 



lg and characterizing materials comprising: 
ting materials to form reaction mixtures; 
allowing the reaction mixtures in the vessels to react while stirring each of the 
reaction mixtures; 

evaluating the reaction mixtures by measuring at least one characteristic of the 
reaction mixtures during at least a portion of the reaction; 

wherein the reaction is carried out at about\he same time for each of the reaction 
mixtures. 



